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A B S T R A C T   

This study investigated seven pesticides in vegetables produced in rural South-western Uganda to determine their 
suitability for human consumption. Pesticide residue concentrations (ppm) were determined using QuEChERS 
method, LC–MS/MS, GC–MS/MS and UV–Vis. Cypermethrin, dimethoate, metalaxyl, profenofos, malathion, 
dichlorvos and mancozeb concentrations detected in sprayed samples ranged between 0.00403 and 0.05350, 
0.17478–62.60874, 0.12890–3.55681, 0.00107–0.59722, 0.03144–0.63328, 0.00240–0.34102 and 
0.00001–0.00244, respectively. The residues exceeded MRLs in sprayed samples (59.52%), unsprayed samples 
(18%) and market samples (8%). The quality index of the market vegetables was found to be optimal (14.29%), 
good (75%), adequate (3.57%) and inadequate (14.29%). Pesticide residues may lower food quality and pose risk 
to human health. Therefore, regulation and monitoring pesticide residues in vegetables produced in south- 
western Uganda in order to avoid harmful effects on human health would be paramount.   

1. Introduction 

Pesticides are substances including fungicides, insecticides, herbi-
cides, rodenticides, wood preservatives to mention but a few that 
farmers and public health workers use in agriculture and public health 
programmes, respectively; to manage pests and vectors (Al-Ahmadi, 
2019; Freedman, 1995; Nicolopoulou-Stamati et al., 2016). However, 
among all agricultural crops, vegetables are more susceptible to pest 
infestations and as such their production attracts high pesticide use 
(Dinham, 2003). Therefore, pesticides have become major inputs in 
vegetable production. 

In order to overcome challenge of pests, farmers may apply high 
pesticide concentrations, acutely toxic pesticide types, unregistered and 
banned pesticides in vegetables. However, there may be limited or no 
training of farmers on pesticide use. While benefits associated with 
pesticide use are evident, there may be unregulated or indiscriminate 
pesticide use in vegetable production that can harm human health upon 
consumption of their residues in the vegetables, lower quality of the 
vegetables, and pollute the environment (Dinham, 2003; Ngabirano and 
Birungi, 2020). 

Pesticide residues are either intact pesticide molecules or their de-
rivatives that may contain measurable amounts of active ingredients and 
related metabolites or degradation products found in food, agricultural 
or other commodities as well as in environmental media like soil, air and 

water that result from pesticide use (EFSA (European Food Safety Au-
thority), 2019). Some pesticide residues may have ability to persist or 
undergo bioaccumulation (Dasika et al., 2012; Langenbach, 2013). Po-
tential sources of pesticide residues may include a number of processes 
such as pesticide formulation, manufacture, packaging, storage, distri-
bution, retailing, application and disposal of pesticides and their con-
tainers (Food and Agricultural Organisation of the United Nations, FAO, 
World Health Organisation, WHO, 2016). Although some pesticide 
residues may be inert towards pests, they may be active or more toxic on 
non-target organisms (Bolognesi, 2003); hence, their presence in food 
and the environment may be deleterious. 

Several studies have indicated that pesticides can affect human 
health causing headaches, nausea; chronic diseases like cancer and 
disruption of the development of vital systems including endocrine, 
reproductive and immune systems (Mostafalou and Abdollahi, 2013; 
Nicolopoulou-Stamati et al., 2016; Sabarwal et al., 2018). Therefore, 
pesticides used in agriculture need to be regulated since they can have 
adverse effects on fetal growth, childhood and adulthood (Kamai et al., 
2019) in addition to other effects caused to the crop yields, non-target 
organisms and the environment. 

Pesticide use in vegetable production may result in presence of 
pesticide residues after harvest (Keikotlhaile and Spanoghe, 2014). 
Some pesticide residues in the vegetables may exceed MRLs. According 
to U.S Food and Drug Administration, (2012) majority of the fruit and 
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vegetable samples contained pesticide residues that exceeded MRLs than 
any other foods; hence, pesticide use in vegetable production requires 
vigilance. Also, Syed et al., 2014 indicated that>50% of the fruit and 
vegetable samples collected from Pakistan had pesticide residues 
exceeding MRLs. Studies conducted in China and Bangladesh by Chen 
et al., 2011; Chowdhury et al., 2013, respectively, revealed that pesti-
cide residues detected in about 50% of the samples exceeded MRLs. 
Scarcity of data on pesticide residues in vegetables and their effects on 
vegetable quality in Uganda motivated this study. 

The study was designed to determine residues of the common pes-
ticides used in vegetable production in Kabale District, Uganda. The 
vegetables and pesticides studied were selected basisng on the findings 
of an investigation on pesticide use in vegetable production in rural 
Uganda (Ngabirano and Birungi, 2020). Their findings showed that 
cabbage, cauliflower, tomato and beetroot were the commonly grown 
vegetables while cypermethrin, dimethoate, metalaxyl, profenofos, 
malathion, dichlorvos and mancozeb the common pesticides used in the 
vegetables. However, some pesticide residues may remain active in the 
harvested vegetables either as intact molecules or breakdown products 
that are more stable and toxic to human health and the environment. 
The pesticide residues in the vegetables were determined by use of LC- 
MS/MS, GC–MS/MS and UV–Vis analytical instruments. 

2. Materials and methods 

2.1. Study area description 

Kabale District lies in the South West of the Republic of Uganda. It 
borders with districts of Rubanda to the West, Rukiga to the North and 
East and the Republic of Rwanda to the South. Kabale district is 402 km 
from the capital city Kampala, lying between 29◦ 45′ and 30◦ 15′ East 
longitude and 1◦ 00′ and 1◦ 29′ South of latitude (Langan and Farmer, 
2014). Kabale District is comprised of Kabale Municipality which is 
divided into Kabale Northern Division, Kabale Central Division and 
Kabale Southern Division plus Ndorwa East and Ndorwa West counties. 

It is a highland district that covers 593.7 km2 and the topography is 
mainly a green array of interlocking and heavily cultivated hills with 
spectacular valleys. The altitude of the district ranges between 1,200 m 
and 3,000 m above sea level (Ministry of Trade, Industry and Co-
operatives, 2016) that makes it cooler than the rest of the country with 
mean temperature of about 18 ◦C (64 ◦F) during the day and 10 ◦C (50 
◦F) at night. The relative humidity is between 90% and 100% in the 
morning and decreases to about 42% and 75% in the afternoon, all the 
year around. The land is heavily fragmented and each household owns 
six to seven plots of land on average located on several hills (Langan and 
Farmer, 2014). 

Kabale district has an estimated population of 212, 506. Out of these, 
49, 667 (23%) stay in the municipality and the remaining 162,839 
(77%) stay in the rural area. The people are pre-dominantly from Bakiga 
tribe and a few Batwa (pigmies), Banyarwanda and Bahororo tribal 
clans. The district is densely populated with projected population den-
sity approximated to be 358 people per km2 (Uganda Bureau of Statis-
tics, 2014). 

2.2. Chemicals and reagents 

Standard stock solutions (1000 mg L− 1) of malathion, metalaxyl, 
profenofos, mancozeb, cypermethrin, dichlorvos and dimethoate with 
certified purity ranging from 97% to 99%, acetonitrile for HPLC (Sigma- 
Aldrich, purity > 99.9%), de-ionised water (Milli-Q reagent water, <10 
MQ cm-1 resistivity, Merck, Millipore), toluene (Merck), ammonia so-
lution, sodium chloride (99.9% purity), acetic acid, triphenylphosphate 
(TPP), sodium acetate dibasic sesquihydrate, nitrogen, anhydrous 
magnesium sulphate (99.5% purity), primary and secondary amines – 
Bondesil-PSA (PSA particle size 40 µm), and doubly distilled water were 
purchased from Westford Laboratory Supply Limited in Kampala, 

Uganda. All the organic solvents used were high performance liquid 
chromatography (HPLC) grade. Each pesticide stock standard solution 
(10 mg L− 1) was prepared and used for preparation of calibration 
standards which were subsequently diluted with acetonitrile on the day 
of calibration. Also, carbon disulphide (CS2), absolute ethanol, stannous 
chloride (SnCl2), lead acetate, and hydrochloric acid (HCl), Vile’s re-
agent (copper (II) acetate monohydrate) and triethanolamine used in the 
determination of mancozeb residues were purchased from Westford 
Laboratory Supply Limited in Kampala. 

2.3. Sample collection 

The vegetables were grown in March and harvested in June 2018 in 
Kabale District, Uganda. The weather conditions were characterised by a 
lot of rain from the month of March to late April 2018. Sprayed and 
unsprayed vegetable samples were grown in gardens using square foot 
gardening method by placing one vegetable seedling per square foot 
(McGinnis, 2014). Each of the four sprayed vegetable types was grown 
in seven gardens in a distance of 6 m apart in order to spray all the seven 
pesticides on every vegetable type (which gave a total number of 28 
sprayed gardens). Each of the seven gardens was then sprayed with a 
solution of one of the seven pesticides (cypermethrin, dimethoate, 
metalaxyl, profenofos, malathion, dichlorvos or mancozeb). The vege-
tables were sprayed using a knapsack sprayer (Bomba Magoba (16 L) of 
pressure (1–4 bars) distributed by Famunera Ltd, Uganda. Four similar 
gardens of the four vegetable types (cabbage, cauliflower, tomato and 
beetroot) were grown in a distance of 20 m away from the sprayed 
vegetables without spraying in order to act as control. 

Recommended quantities of the pesticides were diluted and sprayed 
at intervals according to the guidelines provided on pesticide containers 
or bags as follows: Dimethoate (30–40 mL/20L of water after 14–21 days 
depending season), profenofos (20 mL/L after 14 days), metalaxyl (3 
spoonfuls in 15 L or 4 spoonfuls in 20 L of water after 10–14 days 
depending on season), malathion (50 mL in 20 L of water after 14–21 
days depending on season), cypermethrin (25–30 mL/20 L after 3–7 
days depending on vegetable type), dichlorvos (100 mL/100 L after 3–7 
days) and mancozeb (4 spoonful per 15 L or 5 spoonful per 20 L after 7 
days). The vegetable samples (cabbage, cauliflower and beetroot) were 
collected for analysis of pesticide residues one month after pesticide 
application while tomatoes were harvested two weeks after spraying. 

The vegetable samples including sprayed (28) and unsprayed or 
control (4) were collected from gardens while market samples (4) were 
collected from Kabale central market in June 2018. The sprayed and 
unsprayed vegetable samples were uprooted with leaves, stems and 
roots while edible portions of the vegetables that are usually presented 
in the market were randomly bought from different stalls to ensure that 
the samples were representative enough. The samples were taken to the 
laboratory (Uganda Government Chemist Laboratory – Wandegeya 
Kampala) for pesticide residue analysis. The samples (1–2 kg each) were 
labeled, placed in sterile polythene bags, in an ice box, to avoid 
contamination and deterioration and transported to the laboratory for 
processing. After reaching the laboratory, representative portions 
(200–250 g) of the samples were chopped into small pieces using a high- 
speed blender with a stainless steel jar (waring, USA) at room temper-
ature. The homogenised vegetable samples were placed in plastic bags 
and stored at − 20 ◦C. 

2.4. Sample preparation 

QuEChERS AOAC Official Method 2007.01 was followed during 
extraction and clean-up of the vegetable samples (Anastassiades and 
Lehotay, 2003) as explained below. 

2.4.1. Extraction and Clean-up using QuEChERS method 
In both GC–MS/MS and LC-MS/MS analysis, a homogenised vege-

table sample (10 g) was placed in a 50 mL centrifuge tube followed by 
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addition of acetonitrile (10 mL) and triphenylphosphate (TPP) as in-
ternal standard (50 μL, 150 μg⋅mL− 1). The mixture was vortexed for one 
minute and then a mixture of magnesium sulphate (4 g) and sodium 
chloride (1 g) was added followed by addition of sodium acetate dibasic 
sesquihydrate (0.5 g). The sample was then centrifuged to give a su-
pernatant which was then removed for clean-up. A supernatant (5 mL) of 
the sample was transferred into another centrifuge tube (50 mL) con-
taining magnesium sulphate (750 mg) and primary secondary amine 
PSA (100 g) (for removing organic and fatty acids, sugars and antho-
cyanin pigments) and the resulting mixture vortexed for 30 s. To allow 
better extraction of pesticides, 100 g of PSA was used. According to 
Rizzetti et al., 2016 1 mL of the supernatant requires 50 g of PSA, 2 mL of 
the supernatant used study required 100 g of PSA. The mixture was then 
centrifuged for 5 min at 3500 rpm to give a supernatant. 

For GC–MS/MS analysis, aliquots of the supernatant (4 mL) were 
transferred into 15 mL centrifuge tubes and centrifuged again. After 
agitation and centrifugation, aliquots of the supernatant (1.5 mL) were 
transferred to glass tubes (2 mL). The extracts were concentrated under a 
stream of nitrogen gas to 1 mL (to remove excess solvent) and recon-
stituted to 1.5 mL with toluene (0.5 mL) before injection into the 
GC–MS/MS (Anastassiades and Lehotay, 2003). 

For LC-MS/MS analysis, 4 mL extract aliquots were transferred into 
15 mL tubes and each tube was vortexed for 1 min and then centrifuged 
at 4000 rpm for 5 min at 4 ◦C. Aliquots of the supernatant (1.5 mL) were 
transferred to glass tubes (2 mL) and concentrated under streams of 
nitrogen gas and reconstituted to 1.5 mL with acetonitrile. The extracts 
were then filtered through a syringe with a 0.22 µm nylon membrane 
filter and transferred into an autosampler vial for analysis by LC-MS/MS 
(Anastassiades and Lehotay, 2003). 

2.4.2. Extraction and Clean-up of the vegetable samples for mancozeb 
analysis 

Mancozeb residues in the vegetable samples were determined using 
UV–Vis spectrophotometer. Extraction and clean-up of the samples were 
performed as described by Devi et al., 2015. A homogenised vegetable 
sample (25 g) was placed in a three-necked round-bottom flask. The 
flask was then refluxed on a heating mantle for 30 min at 85–95 ◦C with 
1.5% SnCl2 solution in 5 M HCl while maintaining a positive pressure 
inside the flask. The liberated carbon disulphide was adsorbed in 25 mL 
of Vile’s (colour) reagent after passing through 30% lead acetate to 
remove hydrogen sulphide. The carbon disulphide was diluted suitably 
in the colour reagent and absorbance measured at 435 nm against blank 
(Devi et al., 2015). 

2.5. Determination of pesticide residues 

2.5.1. Determination of cypermethrin by GC–MS/MS 
Cypermethrin was analysed by GC–MS/MS (model 7890A) and auto 

injector (model 7683B) coupled with a 7000A triple quadrupole (QQQ) 
mass spectrometer (Agilent Technologies, USA). GC separations were 
done using an HP-5 ms Ultra Inert capillary column (325 ◦C, 30 mm ×
250 μm × 0.25 μm; J &W Scientifc, USA). It was preceded by a guard 
column (2 m × 250 μm × 0 μm; J & W Scientifc) and followed by a de- 
activated-current-limiting column (retention gap, 450 ◦C, 0.65 m × 150 
μm × 0 μm; J & W Scientific). 

Helium (purity ≥ 99.999%) was used as the carrier gas and the 
column head pressure was held at 0.20 MPa. The programme was as 
follows: 90 ◦C held for 0 min, ramped to 280 ◦C at 15 ◦C/min and 
maintained for 10 min, followed by back flushing at 300 ◦C and 0.41 
MPa for 5 min. The GC injection port temperature was 250 ◦C and the 
transfer-line temperature was 280 ◦C. The injection volume was 1 μL in 
splitless mode. 

The ionisation voltage was 70 eV in electron ionisation (EI) mode. 
The ion source, MS1 and MS2 quadruple temperatures were 230 ◦C, 150 
◦C, and 150 ◦C, respectively. Helium (purity ≥ 99.999%) and nitrogen 
(purity ≥ 99.999%) were used as the quench gas (2.25 mL.min− 1 flow 

rate) and the collision gas (1.5 mL⋅min− 1 flow rate), respectively. 
Cypermethrin residues were confirmed by comparing their molecular 
masses with the quantifier and qualifier ions shown in the MS/MS 
spectra (see Table 2) (Stenerson, 2012). 

2.5.2. Determination of metalaxyl, malathion, profenofos, dichlorvos and 
dimethoate by LC-MS/MS 

Pesticides including metalaxyl, malathion, profenofos, dichlorvos 
and dimethoate were analysed by using an Agilent LC 1200 HPLC system 
(Santa Clara, CA, USA) that consisted of a 4000 QTRAP mass spec-
trometer coupled with a turbo ion-spray ionisation source (AB SCIEX, 
Foster City, CA, USA). Separation by LC-MS/MS was carried out at 40 ◦C 
with a Zorbax Eclipse Plus C18 column (2.1 × 100 mm, 3.5 µm) supplied 
by Agilent technologies. Mobile phase A (5.0 mM ammonium acetate 
and 0.1 vol% formic acid in water) and mobile phase B (5.0 mM 
ammonium acetate and 0.1 vol% formic acid in methanol) at a flow rate 
of 0.4 mL⋅min− 1 and the injection volume of 2.0 µL were used to perform 
the separation. A linear gradient of 60% A, 0–8 min; 40% A, 8–1.5 min; 
30% A, 1.5–2.5 min; 20% A, 2.5–9 min; 0% A, 9 to 12 min and 95% A, 
12–15 min was used. A positive ESI mode was used to analyse masses in 
a scheduled multiple reaction monitoring (MRM) mode by using curtain 
gas (30 psi), ion-source gas 1 (50 psi), ion-source gas 2 (55 psi), source 
temperature (400 ◦C) and ion-spray voltage set at 5500 V. 

The cypermethrin, metalaxyl, malathion, profenofos, dichlorvos and 
dimethoate residues were confirmed by comparing their molecular 
masses with the quantifier and qualifier ions obtained in the MS/MS 
spectra (see Table 2) (Belarbi et al., 2021; Honour, 2011). 

2.5.3. Determination of mancozeb residues using UV–Vis 
spectrophotometer 

Mancozeb residues present in the vegetable samples were deter-
mined by using a Shimadzu UV–visible double beam spectrophotometer 
(model UV-1800, Japan) with a fixed 1 nm bandwidth and 1 cm quartz 
cell. The concentration of mancozeb was calculated using Beer-Lam-
bert’s law applying the equation -log10 (Itransmitted/Iincident) = εcl where 
Itransmitted is the transmitted light, Iincident is the incident light, c is the 
concentration of mancozeb present in the vegetable samples, ε is the 
absorption coefficient and l is the length of the cuvette. 

Finally, mancozeb residues in the vegetable samples were calculated 
by equating Beer Lambert’s law equation to regression line equations 
obtained during calibration followed by substitution of the peak area 
values obtained from the analysis as shown below. For example, A = εcl 
(where A is absorbance, c is concentration and l length of sample cell) 
was compared with y = mx + b (where y is equal to absorbance, m is 
equal to εl, x is concentration and b is a constant. 

Table 1 
Standard solutions used in calibration and calculation of percentage recovery.  

Pesticide Calibration Percentage Recovery 

Malathion 0.050, 0.500, 5.000, 10.000, 
15.000 and 20.000 ppb 

0.050, 0.100, 5.000, 10.000, 
25.000, 100.000 ppb 

Profenofos 0.050, 0.500, 5.000, 10.000, 
15.000, 20.000 and 25.000 ppb 

0.050, 2.000, 5.000, 10.000, 
25.000, 50.000, 100.000 ppb 

Dichlorvos 0.050, 0.500, 5.000, 10.000, 
15.000, 20.000 and 25.000 ppb 

0.050, 2.000, 5.000, 15.000, 
25.000, 50.000, 100.000 ppb 

Metalaxyl 0.050, 0.500, 5.000, 10.000, 
20.000 and 25.000 ppb 

0.050, 1.000, 5.000, 15.000, 
25.000, 100.000 ppb 

Dimethoate 0.500, 5.000, 50.000, 100.000, 
150.000, 200.000 and 250.000 
ppb 

0.050, 2.000, 5.000, 10.000, 
25.000, 50.000, 100.000 ppb 

Cypermethrin 0.050, 0.500, 5.000, 10.000, 
15.000, 20.000 and 25.000 ppb 

0.050, 1.000, 5.000, 10.000, 
25.000, 50.000, 100.000 ppb 

Mancozeb 0.100, 1.000, 10.000, 15.000, 
20.000, 25.000 and 30.000 ppb 

0.050, 0.500, 1.000, 2.000, 
5.000, 8.000, 10.000 ppb  
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2.6. Analytical method validation 

All working solutions used to determine calibration curves, recovery 
percentages and limits of detection were prepared by dilution of pesti-
cide standards using the formula M1V1 = M2V2 to giveV1 = M2V2/M1 
where M1 = concentration of the stock solution of mancozeb, V1 =

volume of the stock solution of mancozeb, M2 = concentration of the 
standard solution and V2 = volume of the standard solution (see 
Table 1). Different standard pesticide concentrations were used in 
method validation in order to cater for the different analyte detection 
efficiencies and hence quantification problems associated with matrix 
effects, sample concentration and other conditions like instrument 
sensitivity and reagent purity as explained by Saadati et al., 2013. Ac-
cording to Haǰslová and Zrostlıḱová, 2003 matrix can interfere with 
ionization, identification and quantification in ESI interfaces in GC- and 
LC-MS/MS resulting in several undesirable consequences such as 
obscuring (masking) the peak of the analyte causing false negative 
result, false identification of the impurity as analyte that is in reality 
absent leading to false positive result, increasing detector signal leading 
to overestimation of the result and reducing detector signal causing 
underestimation of the result. 

Calibration curves for the pesticide of interest were generated in 
accordance with the European Commission guidelines (Valverde, 2015). 
Matrix-matched calibration standards were prepared for GC–MS/MS, 
LC-MS/MS and UV–Vis analysis, respectively. Calibration was done by 
analysing standard solutions shown in Table 1 using GC–MS/MS for 
cypermethrin and LC-MS/MS for malathion, profenofos, dichlorvos, 
metalaxyl and dimethoate. The linear regression equations from the 
calibration curves were used to determine pesticide residue concentra-
tions basing on the mean peak area values s of each pesticide analysed in 
the study. The calibration curve for mancozeb was constructed by 
plotting standard concentrations (see Table 1) versus absorbance. 

Accuracy was evaluated by spiking blank vegetable samples with 
known amounts of pesticide standards followed by extraction from the 
matrix for each pesticide using the equation below (Alam et al., 2015; 
Kim et al., 2013; Moosavi and Ghassabian, 2018). Therefore, accuracies 
were calculated using the formula below. 

Recovery(%) = Amount recovered/Amount spiked × 100 (1) 

Percent recovery was determined using blank samples and standard 
pesticide solutions. A blank sample of each vegetable type was split into 
two portions and a known amount of a pesticide standard solution was 
added to one of the portions. This was done for the four vegetable types 
with the seven pesticides considered in the study. The recovered pesti-
cide concentrations were determined for both the spiked, c1, and 
unspiked, c2, portions. The percent recovery (R) of each pesticide 
standard solution was calculated from the difference between the results 
obtained before and after spiking as a fraction of the added pesticide 
amount multiplied by 100 as shown in the equation below. 

R(%) = C1 − − C2/C3 × 100 (2)  

where C1 = measured concentration in fortified sample, C2 = measured 

concentration in unfortified sample and C3 = concentration of fortifi-
cation (NATA (National Association of Testing Authorities), Australia, 
2012; Zazzi et al., 2005;). 

Mancozeb residues were analysed colorimetrically using carbon 
disulphide (CS2) evolution method as described by Keppel (2020). The 
carbon disulphide evolved was absorbed in Vile’s reagent. The intensity 
of the resulting colour complex was measured spectrophotometrically at 
435 nm and the absorbance compared by means of a standard curve. 

A stock standard carbon disulphide (CS2) solution containing 5.04 
mg mL− 1 was prepared with 0.1 mL of CS2 in 25 mL of absolute ethanol 
and working standard solutions were prepared by making suitable di-
lutions of stock solution in absolute ethanol and the solution was 
allowed to stand for 15 min. The HCl/SnCl2 mixture was prepared by 
dissolving 5 mL of a 40% (mv− 1) SnCl2⋅2H2O solution in 30 mL of HCl 
and diluting with water to 200 mL. Vile’s solution (colour) reagent was 
prepared by dissolving cupric acetate - monohydrate (0.05 g) in distilled 
water (25 mL) in a 1000 mL volumetric flask. Thereafter, ethanol-95% 
(v/v) (800 mL) was added followed by diethylamine (1 mL) and trie-
thanolamine (20 mL). The volume was then made up to 1000 mL with 
absolute ethanol (Burchfield, 1965; FSSAI, 2019). 

Standard solutions of mancozeb were used to calibrate the UV–Vis 
spectrophotometer and the percentage recovery was determined by 
spiking unsprayed vegetable samples with mancozeb at the concentra-
tions shown in Table 1 along with the control. The absorbances of 
standard mancozeb concentrations were determined using a UV–Vis 
spectrophotometer (UV-1800, Japan) as CS2 at a wavelength of 435 nm 
and a standard curve was prepared by plotting the absorbances in the 
graph against corresponding mancozeb concentrations. 

Inter-day precision was evaluated in terms of relative standard de-
viation (RSD%) at concentrations of 0.050, 5.000, 10.000, 20.000 and 
25.000 ppb for malathion, profenofos, dichlorvos, metalaxyl and 
cypermethrin; 0.500, 100.000, 200.000, and 250.000 ppb for dimeth-
oate and 0.100, 1.000, 10.000, 20.000, 25.000 ppb for mancozeb on 
different days. Limits of detection and quantification were calculated 
using the formulae LOD = 3.3 × δ/m and LOQ = 10 × δ/m, respectively, 
where δ is the standard deviation and m the slope of the calibration 
curve. 

2.7. Determination of quality index for pesticide residues 

Furthermore, the study evaluated the quality of the market vegetable 
samples in terms of quality index for each pesticide residue (IqR). The 
IqR is calculated as the sum of the ratios between the residue concen-
trations and the corresponding MRLs as shown in the equation given 
below (Arienzo et al., 2013; Mac Loughlin et al., 2018; Ramadan et al., 
2020). 

IqR =
∑n

i=1
(Concentrationi/MRLi) (3)  

where IqR represents quality index for each pesticide residue detected in 
a given food commodity, concentrationi represents concentrations of 
detected pesticide residue(s) ranging from n = 1 to n = i and MRLi 

Table 2 
Molecular masses of pesticides, precursor, quantifier and qualifier ions.  

Pesticides Molar masses of 
pesticides 

Molecular mass of precursor ions in 
+ESI 

Molecular masses of quantifier ions 
m/z 

MRM transition of product ions (Qualifiers) 
m/z 

Dichlorvos C4H7Cl2O4P 220 221 
Metalaxyl C15H21NO4 279 280.2 
Profenofos 

C11H15BrClO3PS 
373.6 374.9 

Malathion C10H19O6PS2 330 331 
Dimethoate C5H12NO3PS2 229 230 
Cypermethrin 

C22H19Cl2NO3 

415.07 416.3 
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represents allowable limits of detected pesticide residue(s) ranging from 
n = 1 to n = i. 

3. Results and discussion 

3.1. Confirmation of the pesticide residues 

The pesticide residues (cypermethrin, metalaxyl, dichlorvos, profe-
nofos, malathion and dimethoate confirmation were confirmed by 
monitoring two separate transitions per pesticide (quantifier and 

qualifier ions) produced in the MS/MS (see Table 2). 
The peak areas of the quantifier ions were used for quantification of 

the pesticide residues. The ratios of the qualifier peak areas to quantifier 
peak areas were monitored and were approximately the same for all 
samples with regard to the residues of each pesticide; hence, the quan-
tifier ions were reliable for the measurement of the pesticide residues 
present in the vegetable samples. 

Table 3 
Results of method validation parameters.  

Part A: Method Validation Parameters 

Pesticides Spiked 
(ppb) 

Found 
(ppb) 

Percent 
recovery 

RSD % LOD 
(ppb) 

LOQ 
(ppb) 

Range Linearity (R2 and linear regression 
equations) 

RSD % for Inter-day 
precision 

Malathion 0.050 0.045 90.600 8.333 0.010 0.031 0.050-20.000 R2 = 0.9957 
y = 324.64x -108.37 

4.949 
0.100 0.098 98.000 0.592 0.010 0.031 0.231 
5.000 4.945 98.900 0.100 0.016 0.047 0.075 
10.000 9.980 99.800 0.021 0.006 0.018 0.000 
25.000 24.985 99.940 0.043 0.021 0.064 0.000 
100.000 108.900 108.900 0.018 0.016 0.047  

Profenofos 0.050 0.043 85.370 22.048 0.032 0.098 0.050-25.000 R2 = 0.9987 
y = 269.4x - 43.314 

9.091 
2.000 1.790 89.500 2.218 0.043 0.130 0.306 
5.000 4.920 98.400 0.260 0.044 0.134 0.052 
10.000 9.950 99.500 0.111 0.037 0.113 0.013 
25.000 24.900 99.600 0.050 0.025 0.077 0.000 
50.000 49.920 99.840 0.075 0.051 0.155 
100.000 100.200 100.200 0.045 0.037 0.111  

Dichlorvos 0.050 0.047 93.240 12.251 0.221 0.668 0.050-25.000 R2 = 0.9994 
y = 157.39x+92.117 

3.007 
2.000 1.924 96.200 4.872 0.171 0.519 1.129 
5.000 4.980 99.600 0.964 0.182 0.553 47.063 
15.000 14.940 99.600 0.525 0.178 0.54 0.044 
25.000 24.900 99.600 0.436 0.230 0.696 0.206 
50.000 49.920 99.840 0.298 0.202 0.612 
100.000 102.700 102.700 0.263 0.221 0.668  

Dimethoate 0.050 0.042 83.800 6.928 0.122 0.371 0.500- 
250.000 

R2 = 0.9967 
y = 15.554x -27.638 

10.351 
2.000 1.910 95.500 1.155 0.266 0.806 0.048 
5.000 4.845 96.900 0.150 0.245 0.743 0.000 
10.000 9.665 98.650 0.105 0.324 0.982 0.018 
25.000 24.925 99.700 0.101 0.490 1.485 
50.000 49.940 99.880 0.052 0.324 0.982 
100.000 100.020 100.020 0.014 0.122 0.371  

Metalaxyl 0.050 0.046 92.000 16.327 0.025 0.075 0.050–25.000 R2  = 0.9979 
y  = 1066.9x − 15.368 

4.871 
1.000 0.942 94.200 3.021 0.045 0.137 0.051 
5.000 4.935 98.700 0.144 0.025 0.074 0.125 
15.000 14.878 99.190 0.158 0.053 0.159 0.000 
25.000 24.978 99.910 0.061 0.039 0.117 0.008 
100.000 101.900 101.900 0.046 0.039 0.119  

Mancozeb 0.050 0.042 84.800 12.372 0.057 0.172 0.10030.000 R2 = 0.9990 
y  = 0.033×− 0.0015 

13.323 
0.500 0.443 88..600 1.493 0.057 0.172 0.000 
1.000 0.934 93.400 0.177 0.057 0.172 0.870 
2.000 1.947 97.35 0.120 0.057 0.172 0.104 
5.000 4.990 99.800 0.293 0.196 0.595 0.001 
8.000 7.989 99.860 0.414 0.345 1.045  
10.000 10.983 109.830 0.252 0.247 0.749  

Cypermethrin 0.050 0.048 95.000 38.164 0.146 0.442 0.050-25.000 R2 = 0.9991 
y = 1189.4×− 137.98 

11.000 
1.000 0.965 96.500 1.540 0.022 0.065 0.000 
5.000 4.910 98.200 0.261 0.037 0.113 0.000 
10.000 9.873 98.730 0.057 0.019 0.057 0.009 
25.000 24.750 99.000 0.092 0.046 0.139 0.014 
50.000 49.92 99.840 0.021 0.014 0.041 
100.000 101.500 101.500 0.082 0.067 0.202  

Part B : Allowed Analyte concentration range and acceptable percentage recoveries for inter-day precision 

Concentration range Inter-day precision, RSD % 

< 1 ppb 35 % 
≥ 1 ppb < 10 ppb 30 % 
≥ 10 ppb < 100 ppb 20 % 
≥ 100 ppb 15 % 

Source: VICH topic GL49, 2015. Guidelines for the Validation of Analytical Methods Used in Residue Depletion Studies 
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3.2. Analytical method validation 

The calibration curves were constructed over the concentration 
range between 0.050 and 250.000 ppb for all pesticides and r2 ranged 
between 0.9987 and 0.9994 for all pesticides considered in the study. 
Percentage recoveries calculated at concentrations from 0.050 to 
100.000 ppb ranged between 83.8% and 109.8% with relative standard 
deviation (RSD) values ranging between 0.014 and 38.164% for the 
concentration range between 0.05 and 100 ppb. According to VICH 
topic GL49, 2015 the calculated percentage recoveries were within the 
allowed accuracy variation range of ± 13.0% for the analyte concen-
trations ranging from 0.05 ppb to 250 ppb (see Table 3, Part A). The 
detection and quantification limits of the pesticide residues in vegetable 
samples ranged between 0.006 and 0.489 ppb and 0.018–1.045 ppb, 
respectively. Generally, the values of standard deviations of the LOD, 
LOQ, correlation coefficient (r2), equation of regression line and slope 
obtained showed suitability of the method for the study (see Table 3, 
Part A). The values of inter-day precision expressed in terms of relative 
standard deviations (RSD%) were below 13.323% except outlier of 
47.063% that was ignored. The inter-day precision results were in 
agreement with the findings of VICH topic GL49, 2015 which revealed 
that the coefficient of variation decreases as the concentration of the 
analyte increases (see Table 3, Part B). 

3.3. Pesticide residue concentrations in Sprayed, unsprayed and market 
vegetable samples 

The concentrations of pesticide residues detected in the sprayed, 
unsprayed and market vegetable samples were presented with corre-
sponding MRLs in Table 4. 

3.3.1. Pesticide residue concentrations in sprayed vegetables 
The study showed that all sprayed vegetable samples contained 

detectable pesticide residues that decreased in the order: dimethoate >
metalaxyl > malathion > dichlorvos > cypermethrin > mancozeb. 
Generally, the residues exceeded MRLs in 59.52% of the sprayed sam-
ples. Dimethoate and malathion exceeded MRLs in 100% of the vege-
table samples analysed. Dimethoate residues were generally higher than 
other pesticides in all sprayed vegetable samples. This observation may 
be attributed to the fact that systemic pesticides penetrate into the 
vegetables and may not be easily washed off (Wise, 2019). Metalaxyl 
and dichlorvos residues exceeded MRLs in 83.33% while profenofos 
residues exceeded MRLs in 50% of the sprayed vegetable samples. These 
observations can be attributed to the tendency of pesticides to penetrate 
into plant tissues and move anywhere inside the plant including storage 
areas (Norris, 1974) that can result in their persistence in the plant. 

Cypermethrin and mancozeb residues were lower than MRLs in all 
vegetable samples analysed. According to Yin et al., 2012 low cyper-
methrin concentrations found in the vegetable samples can be attributed 
to faster degradation perhaps due to the initial concentrations applied 
and other factors like temperature, light and re-distribution in the 

Table 4 
Pesticide residue levels in sprayed, unsprayed and market vegetable samples.  

Vegetable Portion Cypermethrin Dimethoate Profenofos Metalaxyl Malathion Dichlorvos Mancozeb  

A. Pesticide Residue Concentrations in Sprayed Vegetable Samples (ppm) 

Cabbage Leaf 0.00537 5.54343 0.19961 0.16029 0.19367 0.34102 0.00015 
Stem 0.00421 2.06127 0.08707 0.14254 0.11683 0.02971 0.00008 
Root 0.00403 0.82273 0.04815 0.13803 0.06100 0.01612 0.00001 

Cauliflower Leaf 0.00426 59.80261 0.07882 2.89840 0.13596 0.08041 0.00098 
Stem 0.00403 2.99747 0.04368 3.55681 0.16341 0.07243 0.00014 
Root 0.00463 0.17478 0.00712 1.99142 0.16613 0.06203 0.00004 

Tomato Leaf 0.03763 62.60874 0.08614 0.17149 0.45430 0.13948 0.00206 
Stem 0.04166 12.35660 0.01073 0.98660 0.36021 0.07780 0.00136 
Root 0.05350 1.32832 0.00253 0.12890 0.03961 0.13948 0.00048 

Beetroot Leaf 0.00501 12.05869 0.59722 0.50207 0.63328 0.34081 0.00271 
Stem 0.00433 6.14184 0.00494 0.15844 0.20880 0.01182 0.00153 
Root 0.00450 2.57855 0.00107 0.13328 0.03144 0.00240 0.00059   

B. Pesticide Residue Concentrations in Unsprayed Vegetable Samples (ppm) – Control I Samples 
Cabbage Leaf 0.00341 0.02496 0.00474 0.00272 0.00342 0.00176 0.00012 

Stem 0.00340 0.00940 0.00443 0.00279 0.00314 0.00041 0.00012 
Root 0.00340 0.00531 0.00131 0.00276 0.00188 0.00003 0.00012 

Cauliflower Leaf 0.00342 0.05483 0.00519 0.00472 0.04117 0.04113 0.00014 
Stem 0.00342 0.02296 0.00352 0.00262 0.00803 0.00362 0.00012 
Root 0.00344 0.05365 0.40033 0.00263 0.00630 0.00575 0.00011 

Tomato Leaf 0.00340 0.02297 0.00763 0.00266 0.00608 0.02107 0.00007 
Stem 0.00340 0.01183 0.00267 0.00261 0.00319 0.00068 0.00005 
Root 0.00340 0.00829 0.00070 0.00263 0.00136 0.00301 0.00004 

Beetroot Leaf 0.00341 0.02230 0.00228 0.00263 0.05347 0.24052 0.00017 
Stem 0.00340 0.01876 0.00304 0.00263 0.02046 0.04562 0.00001 
Root 0.00340 0.01142 0.00304 0.00262 0.00206 0.00232 0.00012   

C. Pesticide Residue Concentrations in Market Vegetable Samples (ppm) - Control II samples 
Cabbage (Head) 0.00342 0.01085 0.00120 0.00265 0.00152 ND 0.00001 
Cauliflower (Head) 0.00340 0.00485 0.00249 0.00262 0.00065 ND 0.00003 
Tomato (Fruits) 0.00340 0.00957 0.00193 0.00263 0.00094 ND 0.00005 
Beetroot (Roots) 0.00340 0.2035 0.00049 0.00391 0.00049 ND 0.00006 
N.B Pesticide residues in market samples ND = Not detected   

D. Maximum Residue Levels (ppm) 
Cabbage (Head) 1.0000 0.01000 0.01000 0.06000 0.02000 0.01000 0.10000 
Cauliflower (Head) 0.5000 0.02000 0.01000 0.20000 0.02000 0.05000 0.10000 
Tomato (Fruits) 0.5000 0.01000 10.00000 0.30000 0.02000 0.01000 0.10000 
Beetroot (Roots) 0.70000 0.01000 0.01000 0.02000 0.02000 0.05000 0.10000 
References for the 

MRLs 
EFSA (2011) EU 2017/1135 

(2017) 
EU 2017/978 
(2017) 

EU 2017/1164 
(2017) 

EU 2015/399 
(2015) 

EU 2016/60 
(2016) 

EU 2017/171 
(2017)  
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environment. Also, low pesticide residues detected in some of the 
vegetable samples can be attributed to intrinsic detoxification mecha-
nisms inside the vegetable plants. According to Zhou et al., 2015 
intrinsic detoxification mechanisms of higher plants decrease pesticide 
residues in food produce. 

Although pesticide residues detected in 40.48% of the sprayed 
vegetable samples were below MRLs, they can undergo bioaccumulation 
in body tissues to harmful levels. Some pesticides can persist and/or 
bioaccumulate in the body especially fat-soluble pesticides (Bernardes 
et al., 2015). 

Generally, pesticide residues detected in the sprayed vegetable 
samples decreased from leaves through stems to roots (see Table 4). This 
observation was in agreement with the findings of Akan et al., 2014 
obtained from a study that determined organochlorine residues in 
vegetable and soil samples from North Eastern Nigeria. Leaves tend to 
retain higher pesticide residues than stems and roots as they are at the 
receiving end of the pesticide spray during application. A study con-
ducted by Bull et al., 1984 revealed that pesticides can accumulate in 
tomato leaves shortly after application. The presence of pesticide resi-
dues in stems and roots was attributed to pesticide translocation with 
nutrients from the leaves. This observation was in agreement with the 
findings of studies conducted to investigate how radioactive pesticides 
move along with nutrients during translocation to the storage organs 
which contained much larger pesticide residues than other parts of the 
plants (Norris, 1974). Furthermore, pesticide residues may be concen-
trated in the skin or peel of the storage organs (Edwards, 1975; Fin-
layson and MacCarthy, 1973; Finlayson and MacCarthy, 1965; Menn, 
1978). Since vegetable leaves that can work as storage organs, they are 
more likely to retain high pesticide residues. Thus, vegetables such as 
cabbage and cauliflower may contain high pesticide residues in their 
leaves especially when they are sprayed towards folding stage. 

Further, the different pesticide residue concentrations in the sprayed 
vegetable samples may be a result of different plant morphologies that 
can influence pesticide uptake and persistence. For instance, broad 
leaves influence pesticide uptake, distribution and retention in plants 
(Edwards, 1975). In the present study, the detected pesticide residues 
were higher in cabbage and cauliflower samples than in tomatoes as 
shown in Table 4. Hence, high pesticide residues detected in cabbage 
and cauliflower samples can be attributed to the possession of broad 
leaves. This observation was in agreement with the findings reported by 
Ravichandra, 2018 which confirmed that broad leaves retain pesticides 
much better. 

The pesticide residues that remain on plant surfaces can disappear 
rapidly by various reactions and the speed at which they penetrate into 
plants affects their persistence (Finlayson and MacCarthy, 1965). 
Pesticide sprays may be absorbed into plant tissues; for example, non- 
ionic pesticides that dissolve in plant oils and waxes can penetrate 
cuticular and sub-cuticular tissues of treated plant parts, even if they are 
not truly systemic. However, this occurs most easily in the absorptive 
areas of roots although it also occurs quite readily through the leaves, 
stems and fruits (Edwards, 1975). Therefore, high pesticide residues can 
be a result of direct application of pesticides and their uptake by 
different vegetable aerial parts (foliage) and roots as shown in Table 5. 

The study showed that the pesticide residues detected in vegetables 
sprayed with mixed pesticides were generally higher in leaves than 
stems and roots in cabbages. The pesticide residues decreased from 
leaves via stems to the roots just like when individual pesticides were 

used (see Table 5). 
Generally, pesticide residues found in cabbage samples that had been 

treated with mixed pesticides were lower than those detected in cabbage 
samples sprayed with individual pesticides. The pesticide residues 
detected in the vegetables decreased from leaves through stems to roots 
(see Tables 4 and 5). Also, lower pesticide residues were detected in roots 
of the vegetable samples considered in the study. These results were in 
agreement with the findings obtained by Edwards, 1975 who confirmed 
the tendency of pesticides to be translocated and stored in lower por-
tions of plants where they can be excreted in root exudates. 

The lower pesticide residue concentrations detected in the vegeta-
bles sprayed with mixed pesticides can be used to explain low efficiency 
of the pesticides to control pests. Lower pesticide residues can be 
attributed to the occurrence of antagonistic interactions that may reduce 
the concentrations of the active ingredients. According to Kapeleka 
et al., 2021 pesticide mixing may result in chemical reactions of the 
pesticide components that can change the potential of active ingredients 
and hence lower the effectiveness of the pesticides due to antagonistic 
effects. Thus, it may be disastrous to mix pesticides for use in food crops 
to control pest. 

According to Allagui et al. (2018) pesticide deposition and retention 
in plants can depend on pesticide formulation, pesticide properties, 
intrinsic plant factors, application techniques, equipment efficiency 
spray properties, sprayer parameters and environmental factors. All 
pesticides used in the study dissolved easily in water to form spray so-
lutions of different concentrations of the active ingredients. The spray 
solutions were easy to work with and spread easily on the vegetable 
surfaces in order to reach areas where pests can hide. Among the factors 
that determine pesticide formulation are solubility and intended use 
(Buzzetti, 2017). Pesticide chemistry (properties) can also influence 
pesticide - plant interaction, distribution, metabolism and persistence 
inside the plant; hence, the characteristics of pesticides determine their 
compatibility and ultimate fate in plants (Norris, 1974). 

Further, the concentrations of pesticide residues detected in the 
vegetable samples can be attributed to the application techniques, 
equipment efficiency and sprayer parameters. According to Yarpuz- 
Bozdogan et al., 2011 different pesticide application methods can in-
fluence spray deposits, spray drift and pesticide residue concentration in 
plants. In addition, environmental factors can also influence pesticide 
residue levels in plants. For instance, factors like wind, light and tem-
perature affect plant structure and surface composition and hence in-
fluence wettability by pesticide sprays (Shi et al., 2011) which results in 
a corresponding increase or decrease in pesticide residue concentrations 
in the plant. 

In this study, a high pressure (1–4 bars; Bomba Magoba Knapsack 
Spray Pump) a product of Famunera Ltd, Uganda) was used to spray 
pesticides in the vegetables. High pressure may increase pesticide spray 
delivery rate and reduce spray droplet size which can result in excess 
spray drift and uneven coverage. Conversely, low pressures can reduce 
pesticide spray delivery rate in addition to failure to form a full width 
spray pattern (Hofman, 2018). Therefore, factors such as sprayer pa-
rameters, pesticide formulation, application techniques and environ-
mental factors among others can influence pesticide residue levels in the 
vegetables. 

Environmental factors such as wet conditions can favour severe pest 
infestations and cause high pesticide application (Rosenzweig et al., 
2001). However, pesticides may be washed away by rainfall or 

Table 5 
Pesticide residues detected in cabbage samples sprayed with mixed pesticides.  

Vegetable Samples Residue concentrations (ppm) in cabbage samples sprayed with mixed pesticides 

Cypermethrin Dimethoate Metalaxyl Profenofos Malathion Dichlorvos Mancozeb 

Cabbage leaves  0.00353  0.06352  0.02190  0.01234  0.00810  0.03709  0.00129 
Cabbage stem  0.00347  0.05439  0.00549  0.00667  0.00417  0.01067  0.00095 
Cabbage roots  0.00358  0.03971  0.00529  0.00829  0.00454  0.00963  0.00068  
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evaporate by wind and sun (Keikotlhaile and Spanoghe, 2011). There-
fore, the source of the pesticide residues detected in unsprayed vegeta-
bles may be spray wash off from the sprayed vegetables, leaching and re- 
distribution among neighbouring gardens. Climatic conditions such as 
temperature and high carbon dioxide concentrations can influence 
photosynthetic activity, plant growth and expansion which in turn in-
fluence pesticide adhesion and uptake into a plant (Reilly et al., 2003; 
Gutierrez et al., 2008). For instance, high temperatures enhance pesti-
cide uptake into roots due to a decrease in soil organic matter and 
elevated evaporation rate (Miraglia et al., 2009). High plant growth rate 
may dilute absorbed pesticides decreasing their concentrations (Holland 
and Sinclair, 2004; Zongmao and Haibin, 1997). Therefore, the different 
pesticide residue concentrations observed in the vegetables can be 
attributed to plant photosynthetic activity, growth and expansion and 
soil properties; in addition to environmental factors such as rainfall, 
temperature and carbon-dioxide concentrations. 

Other factors that can reduce initial pesticide concentration are 
volatilisation and photolysis (Keikotlhaile and Spanoghe, 2011). Vola-
tilization can reduce pesticide residues in plants in presence of solar 
irradiation (Çelik et al., 1995). Pesticides can be blown away or vola-
tilise by wind immediately after application depending on vapour 
pressure of the pesticide and temperature (Kerle et al., 2007). Pesticides 
with high vapour pressure can volatilise faster into the air while those 
with low vapour pressure can stay longer on the plant surface. There-
fore, higher the temperature, the faster the wind speed and the more the 
pesticides evaporate. Also, photolysis can degrade pesticides (Kei-
kotlhaile and Spanoghe, 2011) leaving low pesticide concentrations in 
the plant. 

3.3.2. Pesticide residue concentrations in unsprayed vegetables 
The study showed that 18% of the 84 unsprayed vegetable samples 

contained pesticide residues that exceeded MRLs; hence, pose a risk to 
human health and the environment. These results were in disagreement 
with the findings reported by FSSAI, 2019 since 13 (21.7%) of the 60 
organic samples collected from organic outlets in India contained 
pesticide residues below the FSSAI MRLs. The presence of pesticide 
residues in unsprayed vegetable samples can be attributed to the 
transport of pesticides from the sprayed gardens (Strandberg et al., 
2019), spraying techniques, leaching and equipment parameters such as 
nozzle type and spraying pressure. Environmental factors such as tem-
perature and relative humidity may affect pesticide droplet evaporation 
and drift potential causing the spread of pesticides to the unsprayed 
vegetable gardens. Since off target pesticides may not reach desirable 
doses to completely eliminate specific pest species, they may result in 
pest resistance and resurgence in the fields (Gill and Garg, 2014). 

Further, pesticide residues detected in unsprayed vegetable samples 
might be a result of repeated use of persistent and non-biodegradable 
pesticides in the same or nearby fields. A study conducted by Dha-
nanjayan et al., 2019 revealed that pesticide handling in absence of 
regular inspection and follow-up may cause problems such as over 
application, under-doses and spraying without reaching pest habitats 
can result in unsafe pesticide residues in the fields. Also, pesticide res-
idues taken up by plant roots from the soil may be retained in the root 
storage organs and persist for much longer than they would in the 
plants’ leaves or stems (Edwards, 1975). Therefore, some pesticide 
residues detected in the unsprayed vegetables might have been obtained 
from the soils where the vegetables were grown. 

Pesticides are believed to persist in plants. Persistence of pesticides in 
plants depends on physiological activities including growth rates, 
translocation, excretion and reserve stores (Coats, 1991; Edwards, 
1975). Plant growth rate can influence persistence of pesticide in leaves 
and other plant parts because the spreading of pesticide residues in 
plants occurs over a much greater surface area as leaves and other or-
gans grow. Moreover, doubling plant weight can reduce pesticide res-
idue concentration by half, even if the rate of its breakdown does not 
change (Edwards, 1975). The residues may undergo translocation in the 

apoplast, the symplast or across the mesophyll and into the phloem and 
finally translocated to the assimilation stream (Jachetta et al., 1986; 
Sicbaldi et al., 1997). Further, the ease with which plants can take up 
pesticides depends upon cuticle wettability which in turn changes with 
age and differs on different leaf parts (He et al., 2019). Thus, the 
persistence of pesticide residues may depend on the amounts of pesti-
cides taken up by the plants which are turn influenced by several factors 
such as re-distribution that occurs during growth, translocation, storage 
processes and plant surface wettability. 

High pesticide residue levels detected in leaves of the sprayed 
vegetable samples can be attributed to direct application of pesticides, 
their uptake by the plant and environmental factors. The presence of 
pesticide residues in the unsprayed vegetable samples might have been a 
result of pesticide spray drifts, pesticide emissions, leaching and vola-
tilisation processes that occurred in the sprayed vegetable gardens 
causing contamination of the unsprayed vegetables. Also, the residues in 
unsprayed vegetables can be attributed to repeated use of persistent and 
non-biodegradable pesticides in the same or nearby vegetable fields. 

3.3.3. Mean pesticide residue concentrations in the market vegetable 
samples 

The findings of this study showed that 86% of the market vegetable 
samples contained detectable pesticide residues, of which 8% had resi-
dues that exceeded MRLs while 14% had residues below detectable 
levels (see Table 4, C). These results were in agreement with the findings 
of Ali et al., 2020; Bempah et al., 2012; FSSAI, 2019). The lower pesti-
cide residue levels detected in market vegetables can be attributed to 
pesticide loss during storage (Rasmusssen et al., 2003) or the vegetables 
were sprayed with other pesticides different from what was analysed or 
the vegetables were not sprayed at all and were contaminated through 
contact and aerial spreading of different pesticide types in the market. 

Further, pesticide residues detected in the market vegetable samples 
can be a result of bio-accumulation of off-target residues from sprayed 
vegetables or seed materials (Iyaniwura, 1991; Karthikeyan et al., 
2003). Bioaccumulation of off-target pesticides in plants may depend on 
pesticide lipophilicity. According to Langenbach, 2013 different lip-
ophilicity pesticides can undergo bio-accumulation to different levels in 
different plant species or parts resulting in low or high uptake. The low 
pesticide residues detected in the market vegetable samples can also be 
due to higher pesticide degradation rates (Kocourek et al., 2017). It is 
also known that pesticide concentrations used, the number of pesticide 
applications and time lag between the last applications in fields and the 
time of display in the market can account for the amounts of pesticide 
residues found in the vegetable harvests. According to the International 
Atomic Energy Agency, 1984 pesticide residue concentrations may 
depend on the number of applications and the period of time between 
the last applications and harvesting. 

Low pesticide residues detected in the market vegetables can 
attributed to degradation processes such as photolysis (Keikotlhaile and 
Spanoghe, 2011), microbial metabolism (Holland and Sinclair, 2004), 
enzymatic activities and other reactions with normal plant constituents 
(Ortiz-Hernaanhez et al., 2013). Lastly, the low pesticide residues 
detected in the vegetable samples can be a result of short half-lives. 
According to Tiryaki and Temur, 2010 pesticide degradation heavily 
depends on half-life. In the present study, dimethoate showed shorter 
half-life of 3.29 days while cypermethrin had longer half-life of 5.4 days 
in the cabbage samples in analysed. Thus, low pesticide residues 
detected in some of the sprayed and market vegetable samples can be 
attributed to photolysis, microbial degradation, breakdown by enzy-
matic reactions and shorter half-lives. 

Some pesticides can degrade easily (Copley, 2009); however, their 
residues may persist and re-distribute in the environment (Linde, 1994; 
UK Environment Agency, 2019; Yin et al., 2012). Thus, the pesticide 
residues detected in the market vegetables may be a result of re- 
distribution into the market environment and subsequent contamina-
tion of food products including the vegetables. According to El-Wakeil 
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et al., 2013 most pesticides used in food crops may disperse into the 
environment and consequently affect human health. Pesticide residues 
in various market commodities can undergo dissipation and reach 
humans through various food types bought from the market. Pesticide 
dissipation in markets may be influenced by factors like storage facil-
ities, pesticide formulation and nature of commodities sold in the market 
in addition to environmental factors such as wind speed and direction 
and temperature. 

Different sources of pesticides may lead to the presence of multiple 
residues in market vegetables. However, the presence of multiple 
pesticide residues and their interactions in vegetables may affect their 
quality. Therefore, the low pesticide residues detected in the market 
vegetables did not mean that these vegetables were of the required 
quality since may contain multiple pesticide residues that can affect 
their quality; of course, not forgetting that the residues can also undergo 
bio-accumulation. 

It is worth noting that there are modern techniques that can be used 
to reduce pesticide residues in some vegetables such as use of electro-
lysed water (Sachadyn-Król et al., 2016), ultra-sound (Liang et al., 
2012), pulsed light (Pounraj, 2019), ultra-violet light (Wang et al., 
2019), non-thermal plasma (NTP) (Phan et al., 2018), irradiation (Basfar 
et al., 2012), high hydrostatic pressure (Iizuka and Shimizu, 2014); low- 
intensity electric current (Cengiz et al., 2018), biological techniques 
(Pino and Peñuela, 2011) and combination treatments (Bhilwadikar 
et al., 2019). 

3.4. Quality index of the market vegetables for the pesticide residues 

The present study determined the quality index values of the market 
vegetables for each pesticide residue and placed the vegetable samples 
into categories (see Table 6). 

Different percentages of the market vegetable samples had different 
quality categories depending on their quality index values (IqR) for the 
pesticide residues. For example, the percentages of the market vegeta-
bles with their quality categories were 14.29%, 75%, 3.57% and 14.29% 
for optimal quality, good quality, adequate quality and inadequate 
quality, respectively (see Table 6). These findings were in agreement 
with the results obtained by Ramadan et al., 2020. In general, market 
vegetable samples had good quality; however, there is a need for efforts 
to work towards achieving optimal quality. Hence, determination of IqR 
values is a useful way of indicating the quality index for the pesticide 
residues in different plant products. 

4. Conclusion 

In this study pesticide residues were detected in all parts of the 
sprayed, unsprayed and market vegetables. All sprayed vegetable sam-
ples contained detectable pesticide residues which can risk human 
health and the environment. Pesticide residues detected in the sprayed 

vegetable samples were higher than those detected in the unsprayed 
vegetable samples. The pesticide residues exceeded MRLs in 59.52% of 
the sprayed samples, 18% of the unsprayed and 8% of the market 
vegetable samples. The study revealed that use of mixed pesticides may 
lead to antagonistic or synergistic effects that may affect pesticide effi-
ciency and multiple pesticide residues that may affect food quality. 
Therefore, farmers should avoid use of mixed pesticides in food crops 
and look for crop specific pesticides that are properly tested against 
specific pests of such crops. 

Apart from the risk that pesticide residues can pose on human health 
upon vegetable consumption, they have a greater potential to re- 
distribute and accumulate in the environment resulting in adverse ef-
fects on soil micro-organisms, groundwater and surface water quality 
and biodiversity. Therefore, there is a strong need for proper monitoring 
of pesticide use in agriculture and regulation of pesticide residues in 
food produced in Uganda more especially vegetables that are sometimes 
consumed in raw forms by humans. Pesticide use regulation in vegetable 
production and hence other crops can be easily achieved by training 
farmers on appropriate pesticide use practices, empowering agricultural 
extension workers so that they can assist in description of pesticides for 
specific pests and establishment of pesticide residue detection centres at 
least one in every district or at regional level. 
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